Abstract. Locally advanced rectal cancer patients with ypT0-2N0 have good prognosis and may not require as many cycles of adjuvant chemotherapy as patients with a poor (ypT3-4 or N+) response. The aim of the present study was to evaluate the three-year disease-free and overall survival between patients with ypT0-2N0 rectal adenocarcinoma who received 0-3 cycles of 5-fluorouracil-based adjuvant chemotherapy and those who received >3 cycles. A total of 106 patients with locally advanced rectal cancer, classified as ypT0-2N0 after surgery at the Fudan University Shanghai Cancer Center (Shanghai, China) between 2006 and 2012, were identified. The patients were divided into two groups depending on the number of cycles of adjuvant chemotherapy: Group 1 received 0-3 cycles (n=32) and group 2 received ≥4 cycles of adjuvant chemotherapy (n=74). The three-year disease-free survival and overall survival rates were 86.8 and 93.1% for group 1 (P=0.633), and 88.5 and 96.8% for group 2 (P=0.381). No statistically significant difference was observed between the two groups, suggesting that patients with ypT0-2N0 status may not require more than three cycles of post-operative chemotherapy. Further evaluation in prospective studies is urgently recommended.
Introduction
Colorectal cancer is one of the most common cancer types in western countries and post-operative adjuvant chemotherapy (ACT) with 5-fluorouracil (5-FU)-based regimens is now the standard treatment modality for TNM stage III (and 'high-risk' stage II) colon cancer. By contrast, clinical practice guidelines for ACT of locally advanced rectal cancer are not based on solid scientific evidence and the level of scientific evidence for sufficient benefit is much lower compared with colon cancer.
A meta-analysis of 21 randomized clinical trials (RCTs) by Petersen et al (1) revealed that ACT significantly reduced the risk of mortality and disease recurrence in patients with rectal cancer. However, among these 21 RCTs, only one used pre-operative chemoradiotherapy and almost all of these patients underwent curative resection of rectal cancer without pre-operative treatment. Things are more complicated as a result of the wide use of neoadjuvant chemoradiation for patients with locally advanced rectal cancer.
A secondary analysis of a clinical trial by the European Organisation for Research and Treatment of Cancer (EORTC) Radiation Oncology Group (EORTC 22921) showed that only patients with good prognosis (ypT0-2) benefited from ACT (2) . Furthermore, a retrospective study by Fietkau et al (3) suggested that post-operative chemotherapy can be spared for patients whose tumors were downstaged to ypN0 following pre-operative chemoradiation. These results suggested that the identification of pathological parameters after pre-operative chemoradiotherapy may serve as predictive markers to determine which patients may benefit from 5-FU-based chemotherapy.
The ADORE clinical trial revealed that co-treatment with oxaliplatin alongside 5-FU for adjuvant treatment of poor-response patients (ypT3-4 or N+) significantly improved their three-year disease-free survival (DFS) (4) . Regarding patients with ypT0-2N0, evidence for the benefit of post-operative chemotherapy was limited.
As rectal cancer patients categorized as ypT0-2N0 have good prognosis, they may not require as many cycles of ACT as patients with poor response (ypT3-4 or N+). The aim of the present study was to compare the three-year DFS and overall survival (OS) between patients with rectal adenocarcinoma classified as ypT0-2N0 who received 0-3 cycles of 5-FU-based ACT and those who received >3 cycles.
Patients and methods
Patients. The Fudan University Shanghai Cancer Center Ethics Review Board (Shanghai, China) approved the protocol of the present study. Clinical records of the patients were anonymized and de-identified prior to analysis so that written informed consent was not required. A retrospective, consecu-tive cohort study of 112 locally advanced rectal cancer patients with ypT0-2N0M0 after surgery at the Fudan University Shanghai Cancer Center (Shanghai, China) between February, 2006 and December, 2012 was performed. Patients were identified from the institutional colorectal cancer patient database. Patients with concurrent inflammatory bowel disease, malignancy or distant metastasis, as well as those with hereditary colorectal cancer syndromes or prior history of malignancy or radiotherapy of the pelvis were excluded. A total of six patients were lost to follow-up and were therefore excluded to yield the final cohort of 106 patients.
Treatment. Pre-treatment clinical stage was assessed on the basis of magnetic resonance imaging or computed tomography (CT). Furthermore, pre-treatment biopsies were reviewed and diagnoses confirmed by gastrointestinal pathologists at the Shanghai Cancer Center (Shanghai, China). To exclude the presence of synchronous tumors, all patients were also subjected to full colonoscopic evaluation, and the distance of the tumor from the anal verge was determined by digital rectal examination and proctoscopy. Patients were subjected to chemoradiotherapy with a median radiotherapy dose of 50 Gy and concurrent administration of oxaliplatin and fluoropyrimidine. Surgery was generally performed 6-8 weeks following completion of chemoradiotherapy (for 4.5-6 weeks) and included low anterior resection or abdominoperineal resection using total mesorectal excision principles. Following surgery, all medically fit patients were given ACT consisting of FOLFOX, XELOX or Capecitabine over 4-5 months. Standard pathological tumor staging of the resected specimens was performed in accordance with the guidelines of the College of American Pathologists, with histopathological diagnosis performed by dedicated gastrointestinal cancer pathologists (5) . The tumors were entirely embedded and serially sectioned for hematoxylin and eosin staining, and microscopic evaluation. Post-operative follow-up consisted of a routine physical examination alongside cross-sectional imaging and assessment of carcinoembryonic antigen every 3-6 months for the first 2 years after completion of treatment and every 6-12 months for 2 additional years thereafter. Whenever any symptom of disease occurred or elevated tumor marker levels were detected, CT scans of the pelvis, abdomen and chest, full colonoscopic evaluation, and/or positron emission tomography were immediately performed.
Statistical analysis. Sites of relapse were classified as local recurrence and distant failure. Local recurrence was defined as recurrence within the pelvis, including the tumor bed, perineal scar, anastomosis or regional lymph nodes. Distant failure was indicated as disease recurrence detected in the lung, liver, brain and other organs outside the pelvis. The Kaplan-Meier method was used to estimate the disease-free survival (DFS) and overall survival (OS) (6) . Patients for whom treatment had failed were identified at the time of disease recurrence or mortality due to any cause to calculate the DFS. The OS duration was calculated from the beginning of chemoradiotherapy until the date of the last follow-up visit for patients still living or until the time-point the patient succumbed. The association between the estimated DFS or OS with each of the potential prognostic factors was assessed using the log-rank test (7) . Multivariate analysis was performed using the Cox regression model (8) . A two-sided statistical test and P<0.05 was considered to indicate a statistically significant difference. PASW Statistics 13 (SPSS Inc., Chicago, IL USA) was used for statistical analysis.
Results

Patient population and tumor characteristics.
A total of 106 patients who were treated for rectal cancer with by chemoradiation followed by surgery and optional ACT were included in the present study. The median patient age was 53 years (range, 28-76 years). The majority of patients were men (67%). The median dose of radiation applied prior to survery was 50 Gy (range, 44-55 Gy), and 82% of the patients were concurrently treated with capecitabine and oxaliplatin, while the remaining 18% received investigational fluoropyrimidine-based combination regimens (e.g. with bevacizumab or irrinotecan). At a median of 7 weeks after completion of chemoradiotherapy, total mesorectal excision surgery was performed. Of the patients, 39 (36.8%) were subjected to low anterior resection and 67 patients (63.2%) received abdominoperineal resection. Depending on the number of cycles of ACT, the patients were divided into two groups: Group 1 (n=32) received 0-3 cycles, and group 2 (n=74) received ≥4 cycles. The patient characteristics are listed in Table I .
Recurrence and survival. The median follow-up duration was 36 months (range, 19-98 months) for the entire cohort. Of these, 11 patients (10.4%) presented with a disease relapse (5 in group 1 and 6 in group 2), and 4 patients (3.8%) succumbed to the disease (2 in group 1 and 2 in group 2). The three-year DFS rate was 86.8% for group 1 and 88.5% for group 2 (P=0.633), and the OS rate was 93.1% for group 1 and 96.8 for group 2 (P=0.381; Fig. 1 ).
Prognostic factors. The effects of age, sex, yp stage, the type of surgery, lymphovascular invasion, baseline stage, distance from anal verge and the cycles of ACT on DFS and OS were evaluated (Table II) . Univariate and multivariate analyses revealed that the patient age was an independent prognostic factor for DFS (P=0.040 and P=0.044, respectively).
Discussion
The once common problem of local recurrence in rectal cancer treatment has been overcome by total mesorectal excision surgery and radiotherapy. Distant metastasis, mainly to the liver and lungs, has now become the major cause of mortality following curative treatment of localized disease.
As in other solid tumor types, the aim of adjuvant systemic treatment of rectal cancer is to eradicate sub-clinical tumor micrometastases after the primary tumour has been surgically removed, with or without the use of radiotherapy. For stage III colon cancer, large randomized clinical trials have demonstrated a reduction in recurrence and improvement of OS with 5-FU plus oxaliplatin (9-13). However, while adjuvant therapy is universally recommended by guidelines for stage III colon cancer, there is currently no consensus regarding the optimal treatment for rectal cancer.
A meta-analysis of 21 RCTs reported a significant reduction in the risk of mortality (17%) and in the risk of disease recurrence (25%) among patients with rectal cancer undergoing ACT as compared with those undergoing observation only (1) . However, only one of these 21 RCTs contained patients treated with to pre-operative chemoradiotherapy and almost all of these patients underwent curative resection of rectal cancer without pre-operative treatment. However, with the wide use of neoadjuvant chemoradiation for patients with locally advanced rectal cancer, there is a complexity of factors determining the outcome.
Park et al (14) revealed that the treatment response to neoadjuvant chemoradiotherapy is an early surrogate marker and is correlated with the treatment outcome. Tumor response (complete vs. partial vs. poor) was associated with a five-year recurrence-free survival (90.5 vs. 78.7 vs. 58.5%; P<0.001) (14) . Thus, patients with different degrees of tumor response after neoadjuvant chemoradiation may diversely benefit from the same ACT.
The EORTC 22921 trial did not confirm a significant DFS or OS benefit for adjuvant 5-FU-based chemotherapy for locally advanced rectal cancer (15) . A second analysis of the EORTC 22921 trial was performed to assess whether any sub-set of patients who, after pre-operative radiotherapy or chemoradiotherapy and surgery, may benefit from adjuvant post-operative 5-FU/leucovorin chemotherapy. Exploratory analyses suggested that only patients with good prognosis (ypT0-2) benefit from ACT (2). Furthermore, a prelimi- Table I . Patient characteristics (n=106). nary retrospective study by Fietkau et al (3) suggested that post-operative chemotherapy can be spared for patients whose tumors were downstaged to ypN0 after pre-operative chemoradiation. These results suggested that the identification of pathological results after pre-operative chemoradiotherapy may serve as a predictive marker to determine which patients may benefit from 5-FU-based chemotherapy. A randomized phase II study (The ADORE) disclosed that the three-year DFS rate was 71.6% in the FOLFOX arm and 62.9% in the FL arm in patients with poor (ypT3-4 or N+) response with a hazard ratio (HR) of 0.657 (95% confidence interval, 0.434-0.994; P= 0.047) by intention-to-treat analysis (ASCO 2014) (4) . The results of this study showed that the three-year DFS and OS of patients with good response (ypT0-2 N0) were not significantly different between those who received 0-3 cycles of 5-FU-based ACT and those who received >3 cycles.
Four months of post-operative adjuvant chemotherapy are recommended, according to the treatment guidelines of the Fudan University Shanghai Cancer Center (Shanghai, China). However, the EORTC 22921 trial showed that chemotherapy was poorly tolerated after surgery for rectal cancer and ~25% of patients did not receive any ACT (11) . In addition, a phase II randomized study revealed that only 57% of patients received the full number of chemotherapy cycles after surgery (16) . In the present study, 30% of patients were treated with 0-3 cycles of ACT due to patient refusal and toxicity.
In the present study, univariate and multivariate analysis revealed that age was an independent prognostic factors for DFS (P=0.04 and P=0.044, respectively) and elderly patients had a better three-year DFS. Various studies have reported poorer prognosis among young patients with colorectal cancer when compared with elderly patients because of more advanced disease and poor tumor differentiation at diagnosis (17) (18) (19) (20) (21) (22) (23) . By contrast, a recent retrospective study showed that young patients with non-metastatic colorectal cancer after surgery had better long-term survival (21) . This may in part be due to their good performance status and suitability for chemotherapy (24) (25) (26) .
The present study was a retrospective study and had therefore certain limitations. For example, the number of patients required for adequate statistical power was not determined and no final conclusion could be drawn as it was a retrospective study. In addition, as the evaluation of the potential benefit of total neoadjuvant treatment in the management of locally advanced rectal cancer remains to be fully determined, it remains elusive whether pre-operative total chemoradiotherapy is superior to the present method with regard to tolerance and treatment outcome (27) . Future studies, ideally as collaborative efforts among cancer centers, should aim to resolve these questions.
Regarding patients with ypT0-2N0 status after neoadjuvant chemoradiation, the results of the present study reported that no statistical difference was present between patients treated with 0-3 cycles of ACT and those treated with >3 cycles. These results indicated that these patients may not require >3 cycles of ACT. Further evaluation in prospective studies is urgently recommended.
